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Introduction
We have recently reported the design of new trans 2-(furan-2-yl)vinyl heteroaromatic iodides, 1 with pyridinium, imidazolium and quinolinium as ethylene-linked heteroaromatic cations and halo substituted benzenes in the 5 position of the furan ring, with the aim to optimize the antitumour activities exhibited by imidazolium salts previously reported. 2 In fact, previous work on the design, the synthesis and the antitumour activity of new trans 1-heteroaryl-2-(1,3-dimethylimidazolium-2-yl) ethylenes [2] [3] [4] [5] confirmed the hypothesis that the presence of three aromatic moieties and of halogen atoms are the main structural features necessary to obtain satisfactory antiproliferative activities. On the basis of these results, we decided to introduce a new benzofused heteroaromatic ring such as indole in these compounds and to link pyridinium and quinolinium cations in the 2 position of the ethylene moiety in order to compare the activities of analogous derivatives possessing 3 and 4 aromatic rings. Here we report the synthesis and the biological evaluation of new trans 1-indolyl-2-(1-methylheteroar-2-yl) ethylenes against three type of tumour cells. Compounds 1 -10, reported in Scheme 1, bearing heteroaromatic moieties with different electron donating abilities linked by a vinyl to the strong electron withdrawing pyridinium or quinolinium ring, belong to the class of the so called push-pull (donor-acceptor, D-A) molecules. In this context we here also report solvatochromic shifts due to the modulation of electronic parameters in both the donor and the acceptor heteroaromatic moieties.
Results and Discussion
The synthesis of trans 1-indolyl-2-(1-methylheteroar-2-yl) ethylenes 1-10 is straightforward and can be easily achieved by condensation of 1,2-dimethyl pyridinium iodide or 1,2-dimethyl quinolinium iodides with heteroaromatic aldehydes (see Experimental section). As expected, the pyridinium and quinolinium α methyls are quite reactive due to the strong electron withdrawing effect of the positively charged ring nitrogen.
Under appropriate conditions, outlined in the experimental section, pure trans isomers 1 -10 were obtained, as evidenced by the ethylenic protons J coupling constants in the NMR spectra (see Experimental section). Compounds 1 -10 possess electron donating moieties linked by a vinyl linker to the pyridinium or quinolinium ring. Derivatives with extended conjugation are expected to exhibit significant solvatochromic shifts. The absorption maxima of cations 1 -10 in protic and aprotic solvents of various polarity are reported in Table 1 . In particular we report for cations 4 and 8 -10 the absorption maxima in 4 solvents at different polarity, and for other compounds the absorption maxima in 3 solvents due to solubility problems in chloroform. In the last column, we reported the shift of λ of the max absorption between a non polar solvent or less polar solvent and a polar one. Compounds exhibiting significant solvatochromic shifts in Table  1 , will be characterized by Electric-Field-Induced Second Harmonic Generation (EFISH) and Hyper-Rayleigh experiments in order to envisage possible future applications in NLO. However, the major purpose of the present work is to test the in vitro antitumour activity of the title water soluble trans 1-indolyl-2-(1-methylheteroar-2-yl)ethylenes and to relate the results with those of the previous studies published from our group.
The in vitro antitumour activity of the water soluble compounds synthesized in the present work was then tested against three tumour cell lines, breast carcinoma (MCF7), prostate carcinoma (LNCap) and human gliobastoma (U87). The in vitro activities, expressed as log GI 50 values (see Experimental Section), are recorded in Table 2 , together with that of 2,6-di-[2-(furan-2-yl)vinyl]pyridinium iodide (PF 2 ) 6 , the most active compounds in previous in vitro tests, also reported for comparisons. It is worth mentioning that, in order to obtain comparable biological tests, log GI 50 in Table 2 were all measured in the same experiment. The percent of growth and the inhibition exerted by different doses (0.01-100 µM) are recorded in Figure 1 . In addition to the antiproliferative effects (log GI 50 ), two derivatives exhibit a significant cytotoxic activity, expressed as log LC 50 values and reported in Table 3 . Table 2 exhibit activity values slightly better than that of PF 2 , while compound 9 presents the highest value recorded in Table 2 , towards all three cell lines.
Conclusions
New trans 1-indolyl-2-(1-methylquinolinium-2-yl) ethylene iodides tested in the present study are more active than 1,2 diheteroaryl ethylenes previously reported 1, 2, 6, 7 suggesting that the presence of four aromatic moieties increase the antitumour activities. Moreover, the significant solvatochromic shifts exhibited by these new push-pull derivatives indicate them as promising candidates for further investigations aimed at non linear optics applications.
Experimental Section
General Procedures. Heteroaromatic carboxaldehydes, Aldrich commercial products, were used without further purification. UV-Vis difference spectra were recorded on a Perkin Elmer Lambda 2S spectrometer. 1H NMR spectra were recorded on a Varian Unity Inova spectrometer operating at 500 MHz, at 25°C in (CD 3 ) 2 SO using TMS as internal standards. The spectral width was set to 5,000 Hz, with an excitation pulse of 60 degrees, an acquisition time of 3.5 s and a digital resolution after zero-filling of 0.15 Hz/pt. Fast Atom Bombardment (FAB) mass spectra were recorded on a double focusing Kratos MS 500 mass spectrometer equipped with the standard FAB source. colorimetric assay based on the use of tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide). 8 The results were read on a multiwell scanning spectrophotometer (Multiscan reader), using a wavelength of 570 nm. Each value was the average of 8 wells (standard deviations were less than 20%). The GI 50 value was calculated according to NCI: thus, GI 50 is the concentration of test compound where 100 x (T -T0)/(C-T0) = 50 (T is the optical density of the test well after a 48-h period of exposure to test drug; T0 is the optical density at time zero; C is the control optical density).
